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Chapter  16 


Ifaun  Factors  Review  and  Kvaluatien 
of  the 
Tof  Truck 


KEY  SWITCH 


FIRE  EXTINGUISHER 


A  fire  extinguisher  should  be 
affixed  where  it  can  be  easily 
reached. 


Provide  for  safe  and  efficient 
seated  operation  to  allow 
head  clearance  in  low  tunnel 
passages  and  to  reduce  ac¬ 
cident  possibilities. 


Handling  assistance  for  re¬ 
moval  of  heavy  batteries 
should  be  provided. 


STEERING  GUIDANCE 


X 

1 


Provide  a  steering  guidance 
system  to  facilitate  tunnel 
turning  backing. 

FIGURE  16-1 

HUMAN  FACTORS  INPUTS 
TUG  TRUCK 


X 


At  cess  for  maintenance  has 
been  provided. 
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1.0  DESCRIPTION 

1.1  The  Tug  Truck  Is  a  vehicle  used  for  towing  the  maintenance  dolly,  the 
mobile  work  platform,  the  flat  bed  trailers,  etc.,  between  the  Ready 
Maintenance  Room  In  the  Corn and  Control  Center  and  the  missile  silo 
areas  via  the  personnel  access  tunnels.  The  Tug  Truck  Is  battery 
powered  and  controlled  through  electrical  interlocks  which  provide  a 
dead  man  safety  feature.  Power  is  automatically  cut  off  and  the  brake 
ie  applied  when  the  control  handle  is  released  from  either  operating 
position.  The  Tug  is  capable  of  pulling  a  ii,000  lb.  load  at  a  speed 
of  2  to  U  miles  per  hour  while  ascending  a  $%  grade  and  the  battery 
life  is  rated  at  U 32  ampere  hours. 

1.2  Men  of  the  Air  Force  population  who  represent  body  sizes  between  the 
5th  and  95th  percentile  must  be  able  to  operate  the  Tug  Truck  effi¬ 
ciently  within  the  tunnels  without  causing  damage  to  equipment  or 
injury  to  personnel.  The  vehicle  must  be  designed  to  provide  ade¬ 
quate  access  to  batteries  and  other  parts  requiring  frequent  service, 
and  where  maintenance  tasks  require  removal  of  components  heavier 
than  a  man  can  safely  lift,  special  handling  devices  must  be  provided. 
All  of  these  factors  contributing  to  the  successful  use  of  the  Tug 
Truck  have  been  itemized  on  the  Summary  Checklist  (Figure  16-2)  and 
the  progress  of  the  Tug  Truck  design  has  been  tabulated  in  detail  in 
the  following  Synopsis. 
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3*0  DISCUSSION 


Ths  tunnel  cross-section  and  the  anthropometric  dimensions  of  operat¬ 
ing  personnel  oannot  be  compromised.  A  Tug  Truck  which  allows  the 
driver  to  ait  down  (HP-T-loUl)  would  reduce  the  necessary  overhead 
clearance  from  83"  to  71. 6" .  Additional  benefits  resulting  from  the 
paramount  objective  of  sufficient  head  clearance  would  be  greater 
driver  comfort  (seated  operation)  increased  maneuvering  efficiency 
(no  ducking,  bending  distractions)  and  increased  speed  (no  fear  of 
physical  injury). 

An  integrated  traffic  study  (all  contractors'  traffic  problems) 
should  be  conducted  to  determine  the  optimum  method  of  transportation 
with  the  minimum  time  consumption  to  complete  the  tasks.  The  existing 
wooden  guide  rails  limit  operator  efficiency  and  restrict  the  number 
of  units  in  tow  to  one.  Backing  and  turning  within  tunnel  junctions 
using  the  present  sye»^m  is  a  time  consuming  operation  involving 
several  workers.  Guidance  systems  have  been  proposed  which  would  be 
compatible  with  present  vehicles  and  would  increase  ths  effioienoy  of 
vehicular  transportation  in  the  tunnels. 
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NOISE  PROTECTION 


— *'HI1II|| 


Permanent  labela  should  be 
provided  for  each  control 
and  display. 


INTERFERENCE 


(Remove  air  conditioner) 
Provide  adequate  work  space 
for  maintenance  crews  as 
required  by  AFBM  Exhibit 
57-8A . 


Non  skid  floor  grating  has  ^ 
been  provided  for  personnel^ 
eafety. 


INTERFERENCE 


Clear  aeon  paaaagewaya  to 

all  aaaanttal  inatrumanta  and 
for  normal  maintananca  opera¬ 
tion*. 


WARNING  SIGNS 


LADDER 


Provide  haiard  warning  aigna 
to  comply  with  A.  S.  A.  Z  35,  1 
-  R  1945. 


Provide  laddera  to  comply 
with  A.  S.  A.  A  14.  3  -  1956 


FIGURE  17-1 

HUMAN  FACTORS  INPUTS 
POWER  PACK 
ROOM 
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CONTROL  -  DISPLAY  ARRANGEMENTS 


WARNING  HORN 


Arriaga  control*  and  diaplayt 
to  comply  with  AFBM  Exhibit 
57-SA. 


A  warning  horn  lndlcata* 
troubla  In  aaaantlal  function* 
of  tha  hydraulic  aupply  ayatam. 


INDICATORS 


PRESSURE  GAUGES 


Control*  and  dlaplaya  aaaocia* 
tad  with  warning  davlcaa  ahould 
b*  connactad  to  circuitry  which 
1*  fall  aaf*  (aalf  chocking  / 

againat  human  arror).  / 


Locat*  praaaura  gaugaa  *o 

that  normal  raiding*  ar*  at 
9  o'clock  poaition. 
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FIGURE  17-2 

HUMAN  FACTORS  INPUTS 
CYCLING  CONTROL 
STATION 


sum  ART  CHECKLIST  OF 
HUMAN  FACTORS  PROGRAM 
ZN  RELATION  TOi 

POWER  PACK 


- 1.6  ttilMAk  msmsm  tefoifhcWB 

1.1  lathrf  a+.ahi 1  i f.  * 

* 

* 

* 

* 

* 

lf?  Cantroli  and  Diaplajra  * 

T 

* 

* 

If 

* 

t 

>J 

1.1  Fall-Sftf* 

1  ,li  M.1  fimfltl  on 

2.0  MAINTENANCE  FACTORS 

— 

X 

9.9  Imuh.  SanHMiw  * 

JL 

j 

Jfi 

JL 

jk, 

j 

JtL 

9.h  Hintlliut.  Phralml  KirffiMma 

_ 

9  ft  VaMltla  HmamwiMlit.* 

3.0  SAFETT  FACTORS 

1  1  RHmIaiI  numi*.a<atUm 

1,2  F»*pt  Prorliinni 

1,1  Am ■■  IManflvBiit. 

3tU  Pro taction  fro*  Palling  * 

Lt 

& 

<f 

Jt 

i 

l 

i  ,<  Safety  Dirltu  fothtr)” 

1  _fi  Warning  DmH*.i  A1 

y 

y 

~w 

y 

y 

w 

lt.O  PHYSIOLOGICAL  FACTORS 

1(,1  Malefic*!  n«*taa 

& 

rr\ 

li VirtifO 

\ 

li.i  Vibration 

5.0  P8TCH0L00ICAL  FACTORS 

<1  fmmr  of  Halrfcta 

4m2  VbiT  of  Itlnf  Cruahod  — 

C.i  Ftaf  «f  t|iii>if 

\ 

i/\ 

A  F  Fttllnf  of 

JL 

6.0  ENVIRONMENTAL  FACTORS 

* 

* 

* 

* 

♦ 

A 

L_ 

7.0  HUMAN  USE  FACTORS 

7.1  PpOfiA^im 

i 

a 

7.2  T1  iMt 

_ 

— i 

1 

m 

sal 

l .  -  -  -  — l 

FIGURE  17f3 


17 


1.0  DESCRIPTION  OF  THE  POWER  PACK  ROOM 


1.1  The  power  pack  supplies  the  hydraulic  power  used  to  move  the  launcher 
platform,  silo  doors,  work  platforms,  and  other  components  in  the 
Titan  Launcher  System.  The  equipment  in  the  Power  Pack  Room  includes 
the  following! 

a.  A  reservoir  of  sufficient  oapacity  to  supply  fluid  to  all  of  the 
hydraulic  cylinders  and  motors  throughout  the  system  which  must 
be  actuated  at  a  given  time. 

b.  Pumping  systems  which  are  connected  to  the  reservoir  by  a  common 
feed  line  through  a  manual  shut  off  valve. 

o.  Two  accumulators  ("Greer”  Model  30A-10A  3 A)  which  store  hydraulic 
energy  supplied  on  demand  by  a  fixed  displacement  pump.  An 
Accumulator  Circuit  Mounting  Panel  connects  the  accumulators  to 
the  pump  which  automatically  maintains  a  standby  pressure  of  500 
psi  throughout  the  system. 

d.  A  Cycling  Control  Station  used  as  a  local  control  during  cycling 
tests . 

e.  Grating  and  pipe  supports  which  are  used  as  catwalks  and  a  means 
of  holding  the  pipe  lines. 

f.  Two  Pressure  Switch  Boxes  which  electrically  connect  pressure 
points  within  the  Power  Pack  to  the  Annunciator  Panel  indicators. 

1 . 2  APPLICABLE  HUMAN  FACTORS  CONSIDERATIONS  FOR  THE  POWER  PACK  ROOM 
Equipment  in  the  Power  Pack  Room  must  be  designed  for  operation  by 
Air  Force  personnel  between  the  5th  and  95th  percentile.  Controls 
and  displays  should  be  designed  and  located  so  as  to  reduce  the 
probability  of  operator  error.  Warning  labels  and  alerting  devices 
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should  be  provided  for  potentially  hazardous  conditions.  Access 
should  be  provided  for  all  equipment  which  requires  maintenance. 
Steps  should  be  taken  to  reduce  the  noise  level  if  it  interferes 
with  operator  performance  or  is  physically  detrimental  to  personnel. 
Factors  contributing  to  the  successful  use  of  the  Power  Pack  have 
been  itemized  on  the  summary  checklist  (Pig.  17-3)  and  the  progress 
of  the  Power  Pack  design  has  been  tabulated  in  detail  in  the 
following  synopsis* 
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3.0  DISCUSSION  FUTURE  DEVELOPMENT  PROGRAMS 

3.1  Problem  areas  which  should  be  considered  early  in  the  concept  stage 

of  future  hydraulic  power  pack  designs  are* 

a.  Access  to  all  manual  valves  should  be  provided  for  visual  in¬ 
spection,  adjustment,  and  servicing.  Visual  access  must  also 
be  provided  to  all  gauges,  thermometers,  flow  meters,  etc.  so 
they  can  be  read  easily  and  accurately. 

b.  Personnel  must  not  be  exposed  to  noise  levels  which  can  permanent¬ 
ly  cause  hearing  loss  or  can  temporarily  reduce  effective  use  of 
voice  communication,  telephone  conversation  or  warning  devices. 

3.2  The  following  concept  is  recommended  to  improve  future  power  packs 

with  resnect  to  human  factors: 

a.  Divide  the  power  pack  room  into  two  sections  separated  by  a 
sound  proof  wall. 

b.  Locate  all  pumps,  filters,  valves,  piping  and  the  reservoir 
along  the  back  side  of  the  wall  so  that  valve  handles,  gauges, 
level  indicators,  thermometers,  etc,  appear  on  the  front  3ide 
in  proper  juxtaposition  along  a  line  schematic  of  the  system. 

c.  Color  code  the  painted  lines  to  represent  various  required 
pressures. 

d.  Provide  a  vibration  insulated  catwalk  along  the  entire  length  of 
the  control  surface  with  one  large  insulated  door  for  access  to 
the  machinery  side. 

Operators  will  be  able  to  instruct  new  personnel  using  the  flow 
diagram  as  a  training  aid  and  the  system  will  be  easy  to  trace 
for  malfunctions.  Noise  will  not  interfere  with  conversations 
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and  warning  devices.  Personnel  will  not  be  subjected  to  injurious 
noise  levels  which  can  temporarily  decrease  efficiency  and  perma¬ 
nently  impair  hearing. 


17-11 


U.O  REFERENCES 


1.  AFBM  Exhibit  57-8A,  Hunan  Engineering  Design  Standards  for  Missile 
System  Equipment. 

2.  AFBMD,  Deviation  from  WDT  Policy  Memorandum  #7  Color  Scheiess  for 
Console  Panels,  etc,,  2/11/59, 

3.  AFBMD,  Colors  for  Ground  Equipment,  12/2/59. 

U.  ASA,  Alii. 3-1956,  Fixed  Ladders. 

5.  ASA,  Z35.1  -  R  19U5,  Specifications  for  Industrial  Accident 
Prevention  Signs, 

6.  Ernest  J.  McCormick,  Human  Engineering,  Rev  York,  McGraw-Hill 
Book  Company,  Inc;,  1958,  Page  375. 

7.  AMF  Report,  ER-TPS-206,  Power  Pack  >  Human  Factors  Review  - 
Mandatory  A  Recommended  Changes,  UA3/59. 

8.  AMF  Report,  ER-TPS-2U2,  Air  Conditioner  vs  Hydraulic  Reservoir 
(T-2),  11  A/59. 


17-12 


Chapter  18 


Human  Factors  Review  and  Evaluation 
of  the 

Launcher  Platform 


r  Platform  Chapter  18 


FAIL  SATE  DESIGN 


SAFETY 


Th«  "A"  frame  retraction  jack 
covar  can  ba  acrawed  down 
only  if  the  jacka  have  bean  re¬ 
moved!  thia  inaurea  that  tha 
Jacka  have  bean  removed  be¬ 
fore  the  Launcher  Platform 
la  operated. 


Walking  aurfacea  on  the 
llSjl  aervice  platform  are  of  a 
non-akid  material, 


Removable  handrail*  have 
been  provided  on  the  aervice 
platforma. 

A  aafety  net  haa  been  perma¬ 
nently  inatalled  to  prevent 
injury  to  peraonnel  falling  into 
the  Flame  Deflector. 


ACCESS 


^  Ac 

be 


Acceea  between  the  "A"  frame 
and  the  Umbilical  Tower  ehould 
be  adequate  for  the  95th  percen¬ 
tile  man. 


Acceaa  to  tha  Flame  Deflector 
and  launcher  to  crib  eeal  deck 
have  been  provided. 


FIGUltE  18-1 

HUMAN  FACTORS  INPUTS 
LAUNCHER  PLATFORM 
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SUMARY  CHECKLIST  OF 
HOMAN  FACTORS  PROGRAM 
IN  RELATION  TO  I 

LAUNCHER  PLATFORM 
ACCESSORY  EQUIPMENT 


1  m 

fillim 


1.1  Anihropowtrlc  Oonpotability. _ 

1.2  Control*  «nd  n*f  i«y 

1.3  Fail-Safe  Daaign  ________ 

l.u  Malfunction  Dataotion _ 

2.0  MAINTENANCE  FACTORS 
Aooaao,  Tlantl.,  . 

Aooaaa,  Sorrioing _ 

Reaort  and  Raplaoa _ 

Handling,  Phyaioal  Liaitatlona. 

Handling,  Tranaportatlon _ _ 

▼thiol*  ManauvorabiUty _ 

3.0  SAFETY  FACTORS 

Ohtadoal  Decontamination _ 

Eaoapt  Frorlelona  ________ 

Protection  from  Entanglement _ 

Fretaotioa  fro*  Falling _ 

Safety  Dtriota  (othar) - 

3.6  Warning  Dtriota _ 

il.O  PHYSIOLOGICAL  FACTORS 

b.l  Biologioal  Daaaga _ 

it. t  r> 

U.3  Titration  Iffoot*  ________ 

$.0  PSYCHOLOGICAL  FACTORS 

$.1  fear  of  Haight* _ 

5.2  fear  of  Boing  Cruahad______ 

$.3  fear  of  Falling _ 

5.U  fear  of  Xaolation _ 

5.5  Fooling  of  Inaoeurlty - 

6.0  ENVIRONMENTAL  FACTORS 

6.1  Aoouatio  Energy  (noiat) _ 

6.2  Humidity  &  Temperature _ 

6 . 3  Illumination - 

7.0  HUMAN  USE  FACTORS 

7.1  Procedure _ _ 

7.2  Tima  Study _ 

7.3  Training/Selection _ 


© 
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FIGURE  18-3 


1.0  DESCRIPTION 


1.1  In  this  chapter  the  human  factors  will  be  considered  which  are  pertinent 
to  the  design  and  installation  of  the  Launcher  Platform  and  its  accessory 
equipment. 

1.1.1  Launcher  Platform  (Excluding  Accessory  Equipment) 

1.1.2,  Description  of  Launcher  Platform  (Excluding  Accessory  Equipment) 

The  Launcher  Platform  is  the  missile  supporting  structure  in  all  cycles. 

It  is  mounted  within  guide  rails  on  rollers  and  is  the  elevating 
platform  for  raising  and  lowering  the  missile  between  the  storage  position 
and  the  launching  position. 

The  Launcher  Platform  provides  a  common  framework  for  attachment  and 
support  of  the  following  major  components* 

1.  Service  Platform 

2.  Missile  Support  System 

3.  Flame  Shielding 

U.  Missile  Support  System  Pedestal 

5.  Flame  Deflector  Cooling  Spray  System 

6.  Flame  Deflector 

Flame  Deflector  Extension 

8.  Platform-to-Crib  Lock  Brackets 

9.  Guide  Roller  Assembly 

10.  Idler  Sheaves 

11.  Water  Connection  System 

12.  Platform-to-Crib  Seal 

13.  Launcher  Platform  Structure 

111.  Engine  Compartment  Water  Spray  System 
15.  Umbilical  Tower  Base 


1.1.3  Applicable  Human  Factors  Considerations  for  Launcher  Platform  (Excluding 
Accessory  Equipment) 

The  Launcher  Platform  must  be  designed  for  operation  by  Air  Force 
personnel  between  the  5th  and  95th  percentile.  Adequate  work  space  must 
be  provided  for  personnel  who  service  the  unit.  All  components  must  be 
accessible  for  maintenance.  Fail  safe  design  features  should  be 
provided  whenever  serious  damage  to  the  Launcher  Platform  equipment  is 
possible.  Consideration  should  be  given  to  skid-proof  flooring. 

1.2  Launcher  Platform  Accessory  Equipment 

1.2.1  Description  of  Launcher  Platform  Accessory  Equipment 

The  Launcher  Platform  accessory  equipment  includes  the  Engine  Maintenance 
Stands  and  the  Igniter  Maintenance  Stands.  These  stands  are  used  to  per¬ 
form  maintenance  on  the  missile  and  are  removable.  The  stands  are  of  an 
aluminum  tubular  truss  construction. 

1.2.2  Applicable  Human  Factors  Considerations  for  Launcher  Platform  Accessory 
Equipment 

The  accessory  equipment  must  be  designed  for  operation  by  Air  Force 
personnel  between  the  5th  and  95th  percentile.  The  stands  must  be 
designed  so  that  they  can  be  put  in  place  and  removed  safely  and  efficiently. 
They  should  provide  proper  access  to  the  missile  components.  The 
necessary  guard  rails  should  be  provided  to  protect  the  operators  from 
falling. 
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3.0  DISCUSSION 


Consideration  should  be  given  to  those  areas  of  interface  between  the 
missile  and  launcher  that  may  require  special  tooling  or  methods.  One 
prime  area  for  product  improvement  is  the  method  of  installation  and 
torquing  of  the  explosive  hold  down  bolts.  Because  of  limited  access¬ 
ibility,  special  pneumatic  tools  should  be  used  wherever  possible  to 
permit  installation  by  the  minimum  number  of  personnel. 
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1.0  DESCRIPTION 


1,1  In  this  chapter,  the  human  factors  will  be  considered  which  are  pertinent 
to  the  design  of  the  logic  system  including  the  Logic  Racks  and  the 
Mobile  Test  Rack.  The  logic  system  provides  sequential  control  for 
each  equipment  operation  within  the  launcher  system.  The  Launch  Controller 
in  the  Command  Control  Center  furnishes  command  signals  to  initiate  each 
sequence.  At  the  completion  of  a  sequence,  limit  switches  within  the 
launcher  system  close  and  provide  return  signals  to  the  Launch  Controller 
logic  system.  These  signals  indicate  the  action  has  been  completed  and 
the  next  step  can  be  started.  No  human  inputs  are  required  during  the 
full  automatic  cycling  of  the  launcher.  Individual  sub-systems  can  also 
be  operated  by  the  logic  system.  In  this  mode,  push  buttons  at  the  local 
control  station  are  used  by  an  operator  to  provide  the  appropriate 
command  signals  to  the  logic  system. 

The  Launch  Controller  also  furnishes  time  check  signals  to  monitor  the 
system  response.  A  system  malfunction  or  a  sequence  which  is  not  com¬ 
pleted  within  the  required  time  causes  the  system  to  shut  down.  The 
launcher  is  then  returned  through  the  reverse  cycle  to  its  hard  state 
position. 

In  order  to  provide  maintenance  crews  with  the  information  they  must  have 
regarding  the  exact  description  and  location  of  a  malfunction,  the  logic 
system  has  been  connected  to  additional  circuitry  which  detects,  locates 
and  records  malfunctions.  The  circuitry  operates  only  if  the  logic 
system  is  exercised.  Should  a  fault  occur  while  the  launcher  is  being 
controlled  by  the  Launch  Controller,  the  entire  system  will  shutdown  and 
a  fault  tape  will  be  punched  describing  the  function  which  failed,  the 
type  of  failure,  and  the  location  (launcher  components  or  relays). 
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If  at  any  time,  maintenance  crews  wish  to  obtain  additional  tape 
readings  without  exercising  the  entire  system  they  may  do  so  by 
following  a  simulated  test  procedure,  using  special  equipment  which 
simulates  launch  Controller  commands  and  launcher  component  responses 
ftrom  the  Operating  Test  Control  Panel.  During  this  procedure  the 
launcher  components  are  disconnected  from  the  logic  system  and  the 
fault  tape  can  be  used  to  detect  faults  within  the  relay  system.  A 
Fault  Test  Program  has  also  been  provided  to  check  out  the  operability 
of  the  fault  detection  and  recording  system. 

The  simulating  circuitry  can  be  used  while  the  logic  system  is  con¬ 
nected  to  the  launcher  components  to  exercise  the  actual  launcher 
from  the  Operating  Test  Control  Panel.  All  sequences  expect  firing 
and  water  spray  can  be  exercised  in  this  manner. 

At  the  TF  installation,  the  logic  circuitry,  the  fault  detection  cir¬ 
cuitry,  and  the  test  equipment  are  all  located  in  the  Logic  Racks. 

The  logic  system  at  the  OSTF  installation  is  of  the  same  design  as  at 
TF  with  the  exception  that  the  test  equipment  is  located  in  a  Mobile 
Test  Rack. 

1.2  Description  of  Logic  Racks  for  TF  A  OB  Installations 

The  Logic  Racks  provide  a  central  location  for  the  chassis  which 
contain  the  logic  system  components  such  as  the  circuit  breakers, 
relays,  timers,  counters,  and  connectors.  Frames  serve  as  structural 
elements  to  support  the  individual  chassis,  the  connector  strips, 
and  the  panels,  which  make  up  the  back  sides  and  doors.  Separate 
covers,  equipped  with  quick  release  fasteners,  protect  the  relays 
mounted  on  each  chassis. 
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In  TF  and  in  all  OB  installations  the  Directory  Panel  and  the  Operating 
Test  Control  Panel  are  integrated  into  one  compartment  of  the  Logic 
Racks  along  with  the  fault  readout  (tape  punch)  and  the  Connector 
Chassis. 

1.2.1  Applicable  Human  Factor  Considerations  for  the  Logic  Racks 

The  Logic  Racks  must  be  designed  for  operation  by  Air  Force  personnel 
between  the  5th  and  95th  percentile.  Controls  on  the  operating  panel 
must  be  located  so  as  to  reduce  the  probability  of  operator  error  and 
the  system  must  be  interlocked  against  damage  from  any  human  error 
which  might  occur.  The  fault  detection  circuitry  should  enable  the 
operator  to  check  the  equipment  prior  to  and  during  operation, 
localize  faults  to  single  components,  and  check  the  fault  detection 
circuitry  itself.  Design  techniques  should  be  used  to  simplify  the 
maintenance  task. 

Factors  contributing  to  the  successful  use  of  the  Logic  Racks  have 
been  itemized  on  the  Summary  Checklist  (Fig.  19-U)  and  the  progress 
of  the  equipment  design  has  been  tabulated  in  detail  in  the  following 
Synopsis. 
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1,3  Description  of  Mobile  Teat  Raok  for  OSTF  Only 

The  Function  Blocks  (relay  sub-system)  located  within  the  Logic  Reeks 
require  the  following  signals  in  order  to  perform  any  exercise. 

1.  Limit  switch  closures  within  the  Launchert  The  limit  switch 
closures  provide  "action  completed"  signals  to  the  Function 
Relays  (within  the  Logic  Chassis)  which  in  turn  provide  the 
signal  required  to  start  the  next  step  in  the  sequence. 

2.  Command  signals  from  the  Launch  Controller  (located  in  the 
Command  Control  Center) t  These  signals  start  each  sequence  in 
the  operation. 

3.  Time  monitoring  signals  from  the  Launch  Controller  (located  in 
the  Command  Control  Center);  These  signals  are  sent  when  the 
time  interval  for  each  sequence  is  completed.  They  are  used  by 
the  AMF  Launcher  Controller  to  detect,  locate,  and  register  a 
fault  and  produce  a  Launcher  NO-GO  signal  if  the  "sequence 
completed"  signal  is  not  sent. 

The  Fault  Detection  and  Readout  System  will  detect  or  record  a  mal¬ 
function  only  when  the  Function  Blocks  are  exercised  in  some  way. 

In  order  to  exercise  these  Function  Blocks  while  the  Launcher  lies 
dormant  in  the  hard  state ,  it  is  neoessary  to  simulate  the  above 
mentioned  signals. 

The  Mobile  Test  Rack  provides  a  movable  housing  for  the  equipment 
necessary  to  provide  these  signal  simulations.  For  a  complete 
description  of  this  equipment  in  its  relationship  to  the  Logic  Racks 
as  well  as  the  human  operator  refer  to  the  "Man-Machine  Analysis  of 
the  Portable  Test  Raok"  in  the  Appendix,  Vol.  III.  An  explanation  of 
the  3  volt  system  used  in  test  procedures  is  also  provided. 
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1,3*1  Applicable  Human  Factor  Considerations  for  the  OSTF  Mobile  Teat  Rack 

The  OSTF  Mobile  Test  Rack  must  be  designed  for  operation  by  Air  Force 

personnel  between  the  5th  and  95th  percentile.  In  order  to  accomplish 

this  end  the  following  human  factors  criteria  should  be  considered: 

1.  Portability  -  unit  should  be  limited  in  size  and  weight  to  allow 
for  easy  handling  through  doorways,  corridors,  tunnels,  and  on 
ramps,  and  on  elevators. 

2.  Control  and  display  area  -  The  control  and  display  surface  should 
slant  away  from  the  operator  so  that  the  center  of  the  panel  is 
perpendicular  to  the  operator's  standing  line  of  sight  (optimum 
for  50th  percentile).  The  front  edge  of  this  surface  should  be  at 
an  optimum  height  for  an  operator  in  the  5th  percentile). 

3.  Locking  wheels  -  All  wheels  or  castors  should  be  of  the  locking 
type  so  that  unit  nay  be  secured  during  operation  and  while  in 
storage . 

U.  Indicator  lights  -  Colors  must  be  compatible  with  designations 
used  throughout  the  system. 

5.  Component  replacement  -  Components  should  be  removable  without 
the  necessity  of  removing  other  components  or  equipaient. 

6,  Operator  compatibility  -  Any  operators  with  a  basic  understanding 
of  the  system  should  be  able  to  make  optimum  use  of  this  test 
equipment  without  making  human  input  errors.  In  order  to  accom¬ 
plish  this,  the  selection  and  placement  of  control  and  displays 
should  be  based  upon  the  operator's  input-output  requirements  as 
the  human  component  in  the  system. 
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3.0  DISCUSSION 
Logic  Racks 

The  recommendations  for  the  design  of  the  Logic  Racks  were  tabulated 
in  the  preceding  synopsis.  The  two  improvements  that  could  be  made 
in  the  design  of  the  logic  system,  from  the  human  factors  standpoint, 
are  in  the  fault  detection  system  and  by  eliminating  the  necessity 
for  the  operator  to  read  the  printed  data  from  right  to  left. 

OSTF  Mobile  Teat  Rack 

Original  concepts  provided  for  portable  test  equipment  which  would 
serve  an  entire  complex  to  comply  with  austerity  requirement  of  AFBMD. 
When  the  prototype  (OSTF)  model  of  the  Mobile  Test  Rack  was  completed 
and  designs  for  corridors,  ramps,  doorways  and  tunnels  were  estab¬ 
lished  the  advisability  of  such  a  concept  was  found  questionable. 
Facility  traffic  provisions  made  the  movement  of  this  equipment 
between  Equipment  Silos  extremely  impractical. 

A  change  in  scope  for  TF  &  OB  installations  resulted  in  an  improvement 
to  this  situation  by  providing  each  launcher  with  separate  test  equip¬ 
ment  housed  compactly  within  the  Logic  Racks  in  the  Electrical  Room 
of  each  Equipment  Silo. 

This  change  of  scope  provided  an  opportunity  to  use  the  Man-Machine 
Analysis  of  the  Mobile  Test  Rack  as  a  guide  to  improve  human  factors 
in  the  design  of  a  new  Operating  Test  Control  Panel.  This  equipment 
was  the  result  of  close  cooperative  effort  between  human  factors 
engineering  and  the  electrical  hardware  group. 
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Chapter  20 


Human  Factors  Review  and  Evaluation 
of  the 
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1.0  DESCRIPTION 


In  this  chapter  the  human  factors  will  be  considered  which  are  pertinent 
to  the  design  and  installation  of  the  Ground  Level  Portable  Control 
Station  and  the  Tunnel  Entrance  Control  Station. 

1.1  Ground  Level  Portable  Control  Station 

1.1.1  Description 

The  Ground  Level  Portable  Control  Station  is  used  during  the  stage 
handling  task  to  ooerate  the  launcher  platform  and  may  also  be 
used  to  test  the  water  spray  system  during  periodic  maintenance 
checks.  This  station  is  portable  with  a  fifty  foot  cable  extension 
and  is  mounted  on  fixed  legs  for  stand-up  operation.  The 
connection  of  this  station  into  the  system  disables  the  Tunnel 
Entrance  Control  Station.  The  Ground  Level  Portable  Control 
Station  is  not  operable  unless  the  following  conditions  are 
satisfied: 

a)  It  is  slugged  into  the  connection  box, 

b)  The  Cycling  Control  Station  master  switch  is  not  in  the  local 
position, 

c)  The  system  safety  interlocks  permit  equipment  actuation,  and 

d)  The  circuit  breakers  in  the  Motor  Control  Station  are  closed. 

1.1.2  Applicable  Human  Factor  Considerations 

The  Ground  Level  Portable  Control  Station  must  be  designed  for 
operation  by  Air  Force  personnel  between  the  5th  and  95th  percentile. 
The  unit  must  be  transportable  and  access  must  be  provided  to 
components  and  wiring.  The  station  should  be  located  so  that  the 
operator  is  not  too  close  to  the  silo  opening  and  missile  components 
do  not  pass  over  his  head  during  loading.  Consideration  should  be 
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given  to  the  use  of  the  unit  at  night  and  during  inclement  weather. 
Controls  and  displays  must  be  located  so  as  to  reduce  the  probability 
of  operator  error. 

1.2  Tunnel  Entrance  Control  Station 

1.2.1  Description 

The  Tunnel  Entrance  Control  Station  is  used  for  local  control  of 
the  Launcher  Platform  before  and  after  stage  handling  and  for 
periodic  maintenance  checks.  This  station  is  located  at  the 
entrance  of  the  personnel  tunnel  into  the  silo. 

The  Tunnel  Entrance  Control  Station  is  not  operable  unless  the 
following  conditions  are  satisfied: 

a.  the  Ground  Level  Portable  Control  Station  is  not  connected, 

b.  the  Cycling  Control  Station  master  switch  is  not  in  the  local 
position, 

c.  the  system  safety  interlocks  permit  equipment  operation,  and 

d.  the  circuit  breakers  in  the  Motor  Control  Station  are  closed. 

1.2.2  Applicable  Human  Factor  Considerations 

The  Tunnel  Entrance  Control  Station  must  be  designed  for  operation 
by  Air  Force  personnel  between  the  5th  and  95th  percentile.  Controls 
and  displays  must  be  located  so  as  to  reduce  the  probability  of 
operator  error.  Access  must  be  provided  to  components  and  wiring. 

The  station  must  be  designed  and  located  so  that  it  does  not 
interfere  with  the  passage  of  vehicles  through  the  tunnel  and 
across  the  Crib-to-Silo  Bridge.  Consideration  should  be  given  to 
lighting  and  fall  safe  design. 
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3.0  DISCUSSION 


Construction  of  the  silo  cap,  electrical  requirements,  reliability  and 
safety  considerations  (£0  foot  cable  length)  all  dictated  the  design 
of  the  Ground  Level  Portable  Control  Station.  In  order  to  provide  a 
more  compact,  more  portable  unit  all  of  these  factors  would  have  to  be 
modified  in  basic  concept. 

Early  concepts  indicated  that  the  Tunnel  Entrance  Control  Station  would 
be  located  near  the  Crib-to-Silo  bridge  and  the  operator  would  have  a 
panoramic  view  of  the  Silo.  For  these  reasons  it  was  anticipated  that 
fear  of  falling  and  a  general  sense  of  insecurity  might  represent 
problems  for  the  operator.  However,  in  the  present  system,  equipment 
has  been  modified  and  added  so  that  the  operator  should  not  experience 
either  a  fear  of  falling  or  a  feeling  of  insecurity.  This  problem  is 
referenced  in  the  synopsis  since  it  did  represent  effort  on  the  program. 
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Chapter  21 


Motors  Re  view  and  Evaluation 
of  the 
Main  Drlva 


COMMt  urn 


A  platform  ha*  b*#n  provided 
for  servicing  tha  counterweight 
rapport  mechanism. 


COVER  GUARD 


A  cover  guard  should  b*  pro¬ 
vided  for  th*  Main  Drive  Brake 
to  prevent  Injury  from  entangle¬ 
ment. 


ACCESS 


* 

t 


A  ladder  should  be  added  from 
platform  1  to  provide  access 
to  the  drive  base.  A  ramp 
should  be  provided  over  the 
drive  base  to  the  catwalk. 


AUXILIARY  DRIVE 


A  jacking  motor  should  be 
installed  as  an  auxiliary 
means  of  activating  the 
Launcher  Platform  la  the 
event  of  Main  Drive  failure. 


FIGURE  21-1 

HUMAN  FACTORS  INPUTS 
MAIN  DRIVE 
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1.0  DESCRIPTION 

1.1  In  this  chapter  ths  human  factors  will  bs  considered  which  are  pertinent 
to  the  design  and  installation  of  the  Main  Drive.  The  Main  Drive  system 
Includes  the  launcher  platform  drive  system  and  the  power  transmission 
unit  which  work  together  to  raise  or  lower  the  missile.  The  launcher 
platform  drive  system  is  a  complete  system  of  counterweights,  oables, 
and  support  mechanisms  that  control  the  vertical  movement  of  the  platform 
and  missile  at  any  desired  level  in  the  silo.  The  drive  power  unit  is 
a  separate  hydraulically  operated  motor  and  gear  reducer.  Cables  of 
the  drive  system  are  fed  through  the  drive  sheaves  which  are  geared  to 
the  hydraulic  motor. 

The  system  of  cables  and  counterweights  for  the  launcher  platform  drive 
system  consists  of  two  separate  sets  of  elevator  cables  attached  at  one 
end  to  the  top  of  the  crib  structure  and  strung  under  the  launcher 
platform  through  idler  pulleys,  up  into  the  drive  sheaves,  down  again 
through  two  sets  of  counterweight  sheaves,  and  back  up  into  the  tension 
equalizer  cylinders  which  maintain  equal  tension  on  the  cables  as  a 
stability  measure  to  level  the  platform.  The  counterweights  slide  up 
and  down  along  guide  rails  mounted  to  the  silo  wall. 

When  the  launcher  platform  is  at  the  base  of  the  missile  silo  the  weight 
of  the  leaded  counterweights  is  supported  by  two  support  mechanisms 
attached  to  the  silo  wall.  When  the  launcher  platform  is  moved  from 
the  base  of  the  silo,  the  counterweight  support  mechanisms  are  stowed 
so  as  to  bring  the  full  weight  of  the  counterweights  on  the  system. 

A  counterweight  lifting  and  locking  assembly  lifts  the  oounterweight  while 
the  launcher  system  is  in  the  hard  state,  and  it  Imparts  slack  to  launcher 


cables  during  shock  conditions  in  order  to  maintain  a  relative  motion 
between  the  crib  and  the  silo  wall. 

The  launcher  platform  drive  power  unit  supplies  the  power  to  raise  the 
launeher  platform  and  missile  to  launch  attitude  or  any  intermediate  position 
for  maintenance  purposes.  The  power  unit  is  located  on  the  silo  wall. 

The  motor  is  a  hydraulic  pump-type  motor  that  converts  hydraulic  pressure 
into  rotary  mechanical  power.  The  motor  incorporates  a  release  brake 
for  stopping  or  holding  the  platform  at  any  desired  position  in  the 
silo.  The  braking  unit  can  also  stop  the  launcher  platform  under 
conditions  of  hydraulic  or  mechanical  failure.  A  speed  reducer  provides 
low  speed,  high  torque  power. 

1,2  Men  of  the  Air  Force  population  who  represent  body  sizes  between  the  5th 
and  95th  percentile  must  be  able  to  perform  maintenance  on  the  Main 
Drive  components  efficiently  and  safely.  Adequate  access  must  be  provided 
to  all  equipment.  Special  handling  equipment  must  be  available  for  all 
components  that  cannot  be  readily  removed  and  replaced  by  a  single 
operator.  The  equipment  must  be  designed  so  that  the  hasards  of  felling, 
entanglement,  etc.  are  minimised. 


3.0  PI3CPS8I0N 

The  Human  Faotore  recommendations  for  the  Main  Drive  are  concerned 
with  provisions  for  safe  and  efficient  maintenance  of  the  system  com¬ 
ponents.  Most  of  these  tasks  had  not  been  evaluated  as  yet  at  the  time 
of  the  preparation  of  this  report. 

One  deficiency  in  the  Main  Drive  design  is  the  failure  to  provide  an 
eleotric  jacking  motor  for  use  as  an  auxiliary  means  of  activating  the 
launcher  platform.  This  motor  would  have  been  used  for  two  functional 

a.  Activation  of  the  launcher  platform  prior  to  the  connection  of  the 
hydraulic  system  during  installation. 

b.  Activation  of  the  launcher  platform  in  the  event  of  a  hydraulic 
failure.  Access  to  the  hydraulic  motor  and  replacement  will  be 
difficult  if  a  hydraulic  failure  occurs  with  the  platform  in  the 
fully  elevated  position. 

The  addition  of  an  electric  jacking  motor  was  proposed  on  an  ECP  to  the 
Air  Force  but  was  rejeoted. 
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INDICATOR  LIGHTS 


CONTROLS 
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Amber  lighta  would  minimise 
accidental  interruption  of 
circuit. 


0 


Locate  control*  for  ea*e  of 
u*e  per  AFBM  Exhibit  57-8A. 
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DISPLAYS 


OVERLOAD  RELAYS 
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Locate  displays  for  ease  of 
reading  per  AFBM  Exhibit  57-8A. 


All  units  and  parts  should 
be  identified. 
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HUMAN  FACTORS  INPUTS 
MOTOR  CONTROL  CENTER 
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1.0  DESCRIPTION 


1.1  In  this  chapter,  the  human  factors  will  be  considered  which  are  pertinent 
to  the  design  and  installation  of  the  Motor  Control  Center. 

The  Motor  Control  Center  conducts,  transforms,  rectifies  and  distributes 
electrical  energy  to  supply  the  various  needs  of  the  Launcher  System. 
Power  is  provided  by  others  on  a  3  phase,  U80  volt,  60  cycle  main  bus. 

At  this  interface  the  Motor  Control  Center  proceeds  through  its  sub 
systems  to  distribute  power  as  followst 

a)  1*80  volt,  3  phase,  60  cycle  to  hydraulic  supply  pump  motors  through 
circuit  breakers  and  starters. 

b)  120  volt,  60  cycle  to  motor  starter  control  circuits  and  auxiliary 
uses  through  transformers  and  circuit  breakers. 

c)  28  volt  DC  to  logic  control  circuitry  through  either  one  of  two 
DC  power  supplies.  Each  power  supply  is  individually  fused  to 
isolate  it  from  the  main  supply  in  the  event  of  malfunction. 

Automatic  switching  is  provided  on  the  output  of  the  two  28  volt 
DC  power  supplies  to  transfer  the  DC  load  from  the  normal  supply 
to  the  alternate  supply  in  the  event  of  failure  of  the  normal  unit. 

d)  3  volt  DC  to  test  circuitry  within  the  Logic  System  through  a  3  volt 
DC  Power  Supply. 

Three  levels  of  protection  are  provided  to  the  equipment  receiving  energy 
from  this  control  center.  Heater  coils  protect  motor  windings,  overload 
relays  protect  circuitry,  and  circuit  breakers  protect  the  electrical 
system  from  the  destructive  burning  effects  of  high  current  flow. 

The  actual  hardware  which  comprises  the  Motor  Control  Center  consists 
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of  components  such  as  circuit  breakers,  starters,  transformers,  rectifiers, 
buses  and  metering  devices  arranged  within  vertical  racks  completely 
enclosed  on  back  and  sides.  Front  door  panels  provide  access  to  the 
various  chassis  and  all  cables  and  buses  enter  through  the  top.  The 
entire  unit  is  located  within  the  Electrical  Power  and  Control  Room 
on  the  fourth  level  of  the  Equipment  Terminal  Silo. 

1.2  Men  of  the  Air  Force  population  who  represent  body  sizes  between  the 
5th  and  95th  percentile  must  be  able  to  operate  the  Motor  Control 
Center  efficiently  without  causing  damage  to  equipment  or  injury  to 
personnel.  The  equipment  racks  must  be  designed  to  provide  adequate 
access  to  heater  coils,  overload  relays  and  other  parts  requiring  constant 
service,  and  where  maintenance  tasks  require  removal  of  components 
hea^  er  than  a  man  can  safely  lift  special  handling  devices  must  be 
provided.  Factors  contributing  to  the  successful  use  of  the  Motor 
Control  Center  have  been  itemized  on  the  Summary  Checklist  (Fig.  22-2), 
and  the  progress  of  the  Motor  Control  design  has  been  tabulated  in 
detail  in  the  following  Synopsis. 
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3.0  DISCUSSION 

3.1  Human  Factors  recommendations  have  been  successfully  included  in  the 
Motor  Control  Centers 

a)  Where  criteria  has  been  provided  by  the  human  factors  engineers 
during  the  early  concept  stage,  and 

b)  Where  human  factors  features  referenced  within  the  guiding 
documents  (AFM-57-8A  and  others)  have  not  been  in  conflict  with  the 
standard  manufactured  (off-the-shelf)  philosophy  of  the  missile 
program. 

3.2  All  of  the  recommendations  indicated  in  the  synopsis  are  still  applicable 
to  the  Motor  Control  Center  and  should  be  included  in  the  operational 
bases. 

3.3  Where  recommendations  can  not  be  included  without  extensive  and  costly 
modifications  to  equipment  it  is  suggested  that  studies  be  performed  in 
an  effort  to  improve  human  factors  conditions  without  involving  a  change 
to  the  existing  hardware. 

Studies  of  this  nature  could  bring  about  improvements  as  indicated  in 
the  following  example i  The  illustration  (Fig.  22-1)  indicates  that 
many  of  the  controls  are  above  the  maximum  level  for  optimum  operation 
as  prescribed  by  the  contractual  documents.  The  panels  at  the  bottom 
of  the  unit  are  infrequently  used.  A  light  weight  removable  platform 
approximately  10  inches  in  height  and  running  the  full  length  of  the 
control  station  could  be  provided  which  would  help  bring  the  controls 
to  within  the  reach  of  more  of  the  Air  Force  population  and  would  not 
interfere  with  any  of  the  items  mounted  on  low  panel  surfaces. 
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Chapter  23 


Human  Factors  Review  and  Evaluation 
of  the 

Personnel  Elevator 


ESCAPE  METHOD 


An  escape  hitch  hi*  bi*n  pro¬ 
vided  in  the  elevitor  top. 

CONTROL  ARRANGEMENT 


The  control  button*  hive  been 
errenged  for  optimum  reach, 
readability ,  aequence.  and 
priority  ba*ed  upon  APBM 
57-8A  and  document*  refer¬ 
enced  therein. 

TELEPHONE  HEIGHT 

The  telephone  ha*  been  railed 
(within  deaign  limitation*)  to 
improve  dial  reading  and  re¬ 
ceiver  reach. 

DOOR  OPENINGS 


Entrance*  to  the  elevator  car 
have  been  made  78"  high  to 
accommodate  Air  Force  person¬ 
nel  in  the  95th  percentile  group. 


CAR  AND  HOISTWAY  GATES 


Gate*  have  been  provided  at  all 
entrance*  to  the  open  hoi»tway 
and  on  the  elevator  car . 

Gate*  meet  A  S.  A.  design 
requirement*  and  are  electri¬ 
cally  interlocked  *o  that  ele¬ 
vator  cannot  move  while  a 
gate  is  open  and  mechanically 
locked  closed  unle**  the  car  i* 
available  at  a  level. 


CALL  BUTTONS 


ADDITIONAL  STOP 


0 


Elevator  call  button*  have  been 
placed  5'  above  each  level  in 
order  to  remove  them  from  the 
path  of  vehicle*  and  other  equip¬ 
ment. 


:mergency  brake 


X 

e 

* 


An  additional  elevator  *top  at 
the  *ilo  bottom  level  would 
eliminate  many  problem*  in 
emergency  rescue  operation 
and  m  intenance  handling  now 
depending  upon  special  rigging 
procedures. 


FIGURE  23-1  . 


HUMAN  FACTORS  INPUTS 
PERSONNEL  ELEVATOR 


0 

* 


Excessive  dropping  speed*  are 
prevented  by  the  u*e  of  a  fail 
safe  mechanical  brake  which 
is  tripped  when  speed*  exceed 
175  f.p.m. 
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SOtURY  0HKKLI3T  Of 
HOMAN  FACTORS  FROORAM 
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PERSONNEL  ELEVATOR 


1.1 

1.2 

a 


t.i 

2.2 

a 

2.5 

2.6 


3.1 

3.2 

3.3 

3.U 

3.5 

3.6 


b.l 

ii.2 

U.3 


5.1 

5.2 

5.3 
5.U 
5.5 


6.1 

6.2 

6.3 


Ant farepeae trio  Ooagwt  ability. 

Oeotrole  tad  Displays _ 

Fall-Safb  Oaai#> - 

Nalfanotion  Da  taction 

2.0  NAINFBNANOI  FACTORS 
Aomhi  final 
Access,  Servicing 


Handling,  Ptaysioal  Lisitatlooa. 
Handling,  Transportation  ___ 
Vabtola  Manatnrarabllltjr _ 


3.0  SAFITY  FACTORS 
Obaalaal  Qeeontminatlon . 
Proriaiona. 


Protaction  from  Rntanglaasnt. 
Prataetion  ftroa  Falling _ 


Safety  Devices  (otbar) 
Warning  Devices _ 


U.O  PHTSIOLOOICAL  FACTORS 
Biological 
Vertigo. 


Vibration  If foots. 


5.0  PSTCROLOOZCAL  FACTORS 
Faar  of  Halghta. 


Faar  of  Baiag  Crushod. 
Faar  of  Falling. 


Faar  of  Isolation. 


Foaling  of  Insec urity- 


6.0  INVIR01MRJTAL  FACTORS 

Acoustic  Energy  (nolaa) _ 

fhaddlty  A  Tawparatura _ 

Illumination  ■■ 


7.0  HUMAN  USE  FACTORS 
Procedure  ________ 

Tins  Stu 


7.1 

7.2 

7.3  Training/Salaotion 


udy_ 

g/tal 


nrronrirrnpr 


44 


44 


4 M 


CP 


3* 


A 


FIGURE  23-2 
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1.0 


DESCRIPTION 


1.1  The  Personnel  Elevator  is  the  basic  means  of  vertical  transportation 
for  men  and  equipment  to  the  various  work  platforms  in  the  silo.  It 
has  two  entrances  (6*  3"  wide  x  6'  6"  high)  which  are  opposite  each 
other.  One  entrance  faces  the  crib  and  the  other  faces  the  access 
tunnel.  The  internal  dimensions  of  the  elevator  are  6'  3"  wide  x 

3*  6"  deep  x  7'  0"  high.  Its  design  is  the  single  wrap  traction 
sheave  type  and  it  is  drive  by  an  alternating-current  electric 
motor.  The  elevator  has  a  pushbutton  control  panel  and  is  capable 
of  stopping  within  3AU  of  the  landing  at  any  of  its  8  stops,  A 
hook  is  provided  on  the  under  side  of  the  elevator  which  permits 
the  attachment  of  a  hoist  or  use  of  the  elevator  itself  as  a  hoist 
for  silo  maintenance  purposes. 

1.2  Applicable  Human  Factors  Considerations 

Men  of  the  Air  Force  population  who  represent  body  sizes  between 
the  5th  and  95th  percentile  must  be  able  to  handle  the  personnel 
elevator  efficiently  and  safely.  The  elevator  must  be  able  to 
accept  transporting  vehicles  (i.e.  skids,  dollys,  etc.)  and  their 
loads,  but  is  not  required  to  take  the  Tug  Truck  or  towing  vehicle. 
Other  considerations  that  contribute  to  the  successful  operation  of 
.  the  personnel  elevator  have  been  itemized  on  the  summary  checklist 
(Fig.  23-2)  and  tabulated  in  detail  in  the  following  synopsis. 
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3.0  DISCUSSION 


3.1  The  Personnel  Elevator  should  be  improved  by  considering  the  following 
modifications  in  the  design.  The  load  capacity  should  be  increased  so 
that  more  equipment  and  personnel  can  be  transported  without  approaching 
the  limit  of  rated  capacity.  If  the  Personnel  Elevator  could  be 
provided  with  a  stop  at  the  bottom  (e.g.  elevation  2$S '-Uw)  many  of  the 
present  handling  problems  in  the  lower  silo  area  would  have  been 
simplified.  By  having  the  elevator  stop  at  the  grating  elevation, 
injured  personnel  as  well  as  heavy  components  could  be  handled  more 
easily  without  special  equipment  brought  in  lor  the  emergency. 

The  method  of  escape  from  the  Personnel  Elevator  leaves  the  personnel 
involved  in  a  precarious  position  on  top  of  the  elevator.  A  safe 
escape  method  from  the  elevator  top  should  be  provided,  otherwise  personnel 
will  be  in  greater  danger  should  they  use  such  a  limited  escape 
procedure . 

3.2  These  Human  Factors  recommendations  apply  to  the  training  and  operational 
bases  as  they  now  exist,  and  should  apply  to  future  design  specifications 
for  Personnel  Elevators  in  any  system. 
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Chapter  2h 


Hunan  Factors  Review  and  Evaluation 
of  the 

Safety  Equipment 


Provision  should  b#  mads  to 
switch  safety  sleeves  oa  or 
off  safety  raU  at  aay  platform 
level.  Safety  sleeves  add 
belts  should  be  permsaeetly 
c— bleed. 


FIGURE  2U-2 

HUMAN  FAC  TOM  INPUTS 
EMERGENCY  LAOOM 


SAFETY  KAIL  k  SLEEVE 


e  ® 


ORIENTATION 


Emergency  ehower  and  eye- 
wuk  etatloae  efcoald  be  Identi¬ 
cally  located  oa  each  work 
platform  Ural. 


FIGURE  2U-3 

HUMAN  FACTORS  INPUTS 
SHOWER  AND  EYEWASH 
STATIONS 
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FIGURE  2U-5 
SAFETY  EQUIPMENT 
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FIGURE  2U-10 
SAFETY  EQUIPMENT 
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SAiHSTY  EQUIPMENT 


1.0  DESCRIPTION 


1.1.0  The  safety  equipment  presented  herein  covers  only  those  safety  features 
which  have  not  been  treated  in  previous  chapters.  These  items  include: 

a.  personnel  access  ways,  such  as  the  personnel  stairway,  and  the 
bottom  access  stairway, 

b.  personnel  safeguards,  such  as  the  emergency  ladder,  guard  rails, 
safety  nets,  safety  gates  and  audible  warning  devices, 

c.  contamination  safeguards,  such  as  protective  procedures  and 
equipment  to  prevent  contamination,  and  decontamination  equipment 
such  as  the  eyewash  and  shower  station  for  use  in  case  of 
chemical  contamination, 

d.  safeguards  against  human  initiated  failures,  such  as  the  coding 

of  manually  operated  valvos  and  the  periodic  revision  of  maintenance 
procedures. 

1,1.1  Personnel  Accessways 

a.  Personnel  Stairway 

The  personnel  stairway  i3  mounted  on  the  crib  structure  between 
elevation  and  379' -0” ,  and  is  attached  to  the  outer 

face  "D”  in  Quadrant  IV.  This  stairway  is  used  at  the  Training 
Facility  to  provide  an  additional  means  for  personnel  to  move 
from  one  work  platform  to  another.  This  i3  necessary  because  of 
the  increased  traffic  demands  characteristic  of  a  training  base. 
(Ref.  5  6). 

b.  Bottom  Access  Stairway 

As  a  result  of  AHF's  Facility  Access  Studies  (Ref.  3  &  k)  which 
revealed  that  there  was  no  means  of  obtaining  easy  access  from  the 
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bottom  of  the  crib  to  the  lower  1U£  feet  of  the  eilo  and  grating, 
an  additional  stairway  and  platform  was  added  from  Elevator  Stop  No. 

8  at  Elevation  269* -10"  down  to  the  grating  of  the  Silo,  at  Elevation 

255 *-U". 

1,1.2  Personnel  Safeguards 
a.  Emergency  Ladders 

An  emergency  ladder  is  required  to  permit  personnel  to  evacuate 
the  Silo  in  case  of  emergency  without  depending  on  the  elevator  or 
personnel  stairway  (Ref.  12),  All  fixed  ladders  of  20  feet  or  more 
in  height  require  the  additional  protection  of  a  cage  guard.  This 
enclosure  is  fastened  to  the  side  rails  so  that  it  encloses  the 
climbing  space  of  the  ladder  for  the  safety  of  the  person  who  must 
climb  the  ladder  (Ref.  10),  This  cage  serves  to  protect  personnel 
from  accidental  falling,  since  its  narrow  size  will  tend  to  brace  a 
man  who  slips,  and  it  also  serves  to  deflect  possible  falling  objects, 
so  that  they  will  not  strike  personnel  using  the  emergency  ladder. 
Also,  the  cage  protects  personnel  from  swinging  hoists  or  other  heavy 
moving  eq»dpment  which  could  possibly  swing  into  an  unprotected  area. 
Since  the  emergency  .ladder  represents  a  straight  drop  of  over  100 
fert  -md  The  American  Standard  Safety  Code  (Ref.  7  and  11)  requires 
either  landing  platforms  at  every  30  feet  of  height  or  the  use  of 
carrier  rails  with  safety  belts,  this  installation  employs  the  ad¬ 
ditional  safeguard  of  a  carrier  (guide)  rail  which  has  been  attached 
to  the  centerline  of  the  rungs.  A  safety  sleeve,  which  travels 
along  the  rail,  is  attached  to  the  safety  belt  (Ref.  9). 
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In  normal  op«ration>  the  safety  sleeve  le  spring  loaded  to  keep 
the  latching  device  away  from  the  rail,  thus  permitting  personnel 
to  climb  up  or  down  the  ladder.  If,  however,  anything  disabling 
should  occur  while  one  is  on  the  ladder,  the  weight  of  the  body 
would  override  the  spring  and  force  the  latch  into  the  nearest 
locking  slot  of  the  guide  rail  (Ref.  8).  This  device  provides 
valuable  protection  in  several  ways.  It  limits  a  person's  fall 
to  6  inches  if  one  slips  off  a  rung  or  is  overcome  by  toxic 
fumes.  In  case  a  person  were  injured  but  not  rendered  unconscious, 
he  could  pull  himself  up  the  escape  ladder  by  hand,  by  using  the 
locking  characteristic  to  climb  upward.  The  inclusion  of  the 
guide  rail  and  safety  3leeve  virtually  provides  personnel  with 
one  extra  hand.  In  the  worst  conceivable  circumstance,  if  a  man 
lost  the  use  of  as  much  as  one  hand  and  two  feet,  nevertheless 
with  the  use  of  only  one  good  hand  and  the  guide  rail,  he  would 
still  be  able  to  pull  himself  up  to  the  top  of  the  emergency  ladder. 

b.  Safety  Nets 

At  the  top  of  the  Silo  on  the  catwalk  at  389' -0",  Face  D,  an 
overhanging  structure  with  safety  net  was  added  in  order  to 
provide  personnel  with  safe  access  around  the  hydraulic  manifold, 
(Ref.  13),  as  authorized  by  Preliminary  Engineering  Inspection 
RFA  #12. 

c.  Guard  Rails 

On  those  occasions  when  there  is  no  missile  in  the  silo,  guard 
rails  are  needed  adjacent  to  the  missile  area  along  the  inner 
edges  of  the  work  platforms,  to  protect  personnel  from  falling 
into  the  open  pit  (Ref.  15,  16,  17,  and  18). 
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d.  Safety  Oates 

Safety  gates  are  provided  at  all  personnel  elevator  stops  In  order 
to  prevent  personnel  from  falling  into  an  open  shaft,  and  to 
protect  them  from  possible  injury  which  could  be  caused  by  moving 
parts  in  the  elevator  travel  space  (Ref.  1  and  2). 

e.  Audible  Warning  Devices 

Operation  of  the  main  closure  doors  from  the  local  control 
station  automatically  actuates  a  warning  klaxon  horn,  which 
sounds  continuously  throughout  the  operation  of  the  doors.  As  an 
additional  safeguard,  the  audible  warning  device  sounds  for  30 
seconds  before  the  doors  begin  to  move  (Ref.  1). 

1.1.3  Contamination  Safeguards 

Contamination  safeguards  exist  in  2  areas: 

(1)  in  preventive  measures,  such  as  cautious  selection  Of  chemical 
materials,  use  of  protective  equipment  and  the  proper  handling 
of  materials  in  order  to  prevent  contamination  (Ref.  21*), 

(2)  and  in  protective  measures,  such  as  the  provision  of  procedures 
and  equipment  to  be  used  in  order  to  achieve  decontamination  in 
case  the  preventive  measures  fail. 

a.  Selection  of  Materials:  Preventive  Safeguards 

In  order  to  minimize  chemical  contamination  of  personnel,  or 
biological  damage  from fUmes,  burns  or  explosions,  great  care 
should  be  taken  in  the  selection  of  chemical  materials  for  use 
in  the  Silo  (Ref.  23). 

The  most  fundamental  consideration  is  the  selection  of  all 

materials,  whether  to  be  used  in  fabrication  or  maintenance, 

on  the  basis  of  their  compatibility  with  liquid  oxygen  (Ref.  21  &  22' , 
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This  oxidizer  is  a  very  hazardous  fluid  and  is  especially 
incompatible  with  the  hydrocarbons,  such  as  acetylene  or  grease 
and  dirt,  even  in  minute  particle  quantitites. 

Carbon  tetrachloride  is  another  highly  toxic  fluid  which  should 
be  avoided  for  cleaning.  Other  fluids  are  equally  useful  and 
have  the  added  advantage  of  being  safe  for  area  personnel  (Ref. 

20,  and  19). 

One  other  practice  which  applies  universally  to  the  Silo  is 
lubrication.  Extreme  care  should  be  taken  to  select  and  recommend 
halocarbons  for  lubricants  instead  of  hydrocarbons 

Another  real  and  insidious  hazard  is  the  damage  which  results 
from  the  undetected  presence  of  gaseous  nitrogen.  If  nitrogen 
escapes  from  nitrogen  lines,  being  heavier  than  oxygen,  it 
settles  at  the  bottom  of  the  Silo.  If  large  volumes  of  nitrogen 
are  permitted  to  accumulate,  personnel  who  are  working  in  the  area 
and  unaware  of  the  presence  of  this  odorless  gas  or  conversely, 
of  the  absence  of  necessary  alveolar  oxygen,  will  become  asphyxiated 
and  unable  even  to  summon  help.  To  protect  personnel  from  this 
possibility,  either  adequate  ventilation  must  be  provided  at  the 
bottom  of  the  Silo  or  some  visual/auditory  means  of  warning 
personnel  of  hazardous  levels  of  toxic  fumes  must  be  provided 
(Ref.  22). 
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b.  Handling  of  Hazardous  Materials t  Preventive  Safeguard; 

Hasardoua  materials  such  as  liquid  oxygen,  other  cryogenic 
chemicals,  or  toxic  paints  and  cleaning  agents,  should  be  handled 
only  by  personnel  who  are  properly  equipped  with  protective 
clothing  and  devices.  They  should  always  adhere  to  the  prescribed 
procedures  for  the  safe  handling  of  hazardous  materials  (Ref. 

22). 

In  addition,  in  all  areas  where  liquid  oxygen  compatibility  is 
required,  the  floors  and  decks  should  be  provided  with  non¬ 
sparking  surfaces,  in  order  to  prevent  the  hazards  of  fire  or 
explosion  (Ref.  21). 

Scrupulous  cleanliness  also  is  of  prime  importance.  Even 
microscopic  particles  of  welding  materials  nr  hydrocarbonaceous 
material,  suoh  as  the  ubiquitous  granules  of  grease  and  dirt, 
are  subject  to  spontaneous  combustion,  if  liquid  oxygen  comes 
in  contact  with  them.  It  is  imperative  that  a  clean  environment 
be  maintained,  and  that  personnel  be  protected  from  accidental 
oxidation,  an  ever  present  danger  in  a  liquid  oxygen  environment, 
c*  Shower  and  Eyewash  Station:  Protective  Safeguard 

The  Shower  and  Eyewash  Stations,  of  which  there  are  a  total  of 
6,  are  located  one  at  each  of  the  five  work  platforms,  and  one 
at  the  top  of  the  launcher  platform.  The  shower  is  activated 
by  pulling  an  oversized  ring  on  a  chain  and  the  eyewash  spray  is 
operated  by  hand.  With  this  type  of  control,  the  shower  and 
eyewash  should  be  easy  to  operate  simultaneously  under  emergency 
conditions  (Ref.  25,  26,  27,  28,  29  and  30). 
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1.1. U  Safeguards  Against  Human  Initiated  Failures 

It  is  most  desirable  to  prevent  or  at  the  least  to  minimize  human 
initiated  failures  in  any  weapon  system.  Considerable  attention  has  been 
given  to  this  effort  on  the  Titan  Launcher  System  under  other  related 
chapters  (i.e.  No.  19  Logic  System  and  Test  Equipment,  No.  20  Tunnel 
Entrance  Control  Station)  where  extensive  investigation  of  human 
failure  situations  was  performed  and  reported.  However,  some  areas 
which  have  not  been  covered  elsewhere  and  fall  within  the  category  of 
product  improvement  are  mentioned  below: 

a.  Color  Coding  Manual  Valves 

At  present,  there  is  no  way  of  visually  ascertaining  the  proper 
operating  position  of  the  near  hundred  manually  operated  valves 
in  the  Titan  Launcher  System,  nor  of  determining  visually  if  the 
valves  are  set  at  the  proper  position  (Ref.31).  A  greatly 
needed  improvement  would  be  the  color  coding  of  each  valve  to 
indicate  the  normal  operating  position:  black  handles  for  normally 
closed  valves,  yellow  handles  for  normally  open  valves,  and  white 
markers  on  the  handle  at  the  12  o'clock  position  when  the  valve 
is  properly  set. 

b.  Revision  of  Maintenance  Procedures 

Although  maintenance  procedures  were  established  as  hardware 
systems  have  been  developed,  changes  in  hardware  design  mean 
that  maintenance  procedures  must  be  revised  and  coordinated  at 
an  equal  pace.  However,  since  these  revisions  are  established  in 
the  field,  there  has  been  no  opportunity  to  evaluate  the 


2U-19 


revised  procedures  from  the  human  factors  point-of-view.  In 
order  to  assure  that  the  best  human  factors  applications  are 
perpetuated  on  the  titan  Launcher  System,  all  field  revisions 
should  be  reviewed  by  the  Human  Factors  team  (Ref.  32). 

1.2  Applicable  Human  Factors  Considerations 

Men  of  the  Air  Force  population  who  represent  body  sizes  between  the 
5th  and  95th  percentile  must  be  able  to  operate  efficiently  within 
the  confines  of  the  missile  silo  without  causing  damage  to  equipment 
or  injury  to  themselves  or  to  other  personnel.  The  areas  to  be 
frequented  by  personnel  must  provide  adequate  protection  in  the  way 
of  design,  markings,  warnings,  and  supplementary  devices  if  they  are 
required  (Ref.  1  and  2).  Factors  contributing  to  safe  and  successful 
operation  by  personnel  have  been  itemized  on  the  summary  checklists. 
Figures  2l*-U,  2U-5,  2U-6,  2U-7,  2U-8,  2U-9,  21-10,  2li-ll  and  2U-12. 


2,0  SYNOPSIS 

The  synopsis  sheets  have  been  deleted  from  this  chapter  because  each 
Item  of  safety  eqi  jient  has  already  been  adequately  treated  in 
previous  chapters,  in  Human  Factors  drawings  and  in  AMF  drawings. 

The  complete  list  of  drawings,  by  subject,  are  included  in  Section 
h.O  References, 
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3.0  DISCUSSION 


Safety  equipment,  as  such,  should  instill  confidence  in  the  user  and 
provide  for  any  possible  eventuality. 

3.1  Carrier  Rail  Safety  Sleeves 

After  the  carrier  rail  was  installed,  it  was  suggested  by  the  Human 
Factors  team  that  the  carrier  rail  should  have  a  break  at  each  work 
level,  as  a  product  improvement.  This  break  would  have  allowed  an  in¬ 
dividual  to  switch  in  and  out  at  each  level  as  needed  if  the  safety 
sleeve  were  permanently  attached  to  his  safety  belt  (Ref.  3). 

As  the  system  exists  now,  there  are  good  possibilities  that  all  of 
the  safety  sleeves  will  be  found  piled  up  at  the  top  of  the  ladder. 
After  use,  as  each  successive  safety  sleeve  is  left  at  the  top  of 
the  rail,  the  lowest  sleeve  will  be  positioned  so  far  below  the 
minimum  apace  required  for  proper  departure,  that  personnel  will  be 
forced  to  disconnect  their  safety  belts  from  the  safety  sleeve  while 
they  are  perched  in  their  most  vulnerable  position.  Another  un¬ 
desirable  possibility  exists.  Personnel  traveling  up  the  ladder 
during  an  emergency  would  be  forced  to  uncouple  and  couple  each 
successive  safety  sleeve  upon  contact  as  he  traveled  upward,  unless 
he  were  able  to  push  them  upward  ahead  of  him. 

Inevitably,  it  will  be  found  that  as  long  as  the  safety  sleeves  are 
not  attached  permanently  to  the  safety  belts,  they  will  always  be 
found  bunched  together  at  one  location,  and  never  at  the  right  level 
when  needed. 
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3.2  Safety  Nets 

Wharaas  tha  praaanca  of  a  safety  net  may  encourage  a  feeling  of 
confidence  in  personnel  working  in  the  upper  silo  levels,  it  would  be 
preferable  if  additional  safeguards  could  be  provided.  It  would  be  better 
if  falling  could  be  prevented.  In  the  area  of  the  hydraulic  manifold 
at  the  upper  catwalk  level,  it  is  virtually  impossible  for  personnel 
to  move  around  the  manifold.  A  simple  yet  very  effective  safeguard 
is  the  addition  of  safety  belt  hooks  at  appropriate  locations  which 
would  permit  personnel  to  attach  a  safety  belt  while  working  or  walking 
in  the  manifold  area.  It  is  recommended  that  these  appropriate  locations 
be  "field-designated"  at  the  actual  installation. 

3.3  Eye  Wash  and  Shower  Stations 

It  is  necessary  to  install  Eyewash  and  Shower  Stations  at  identical 
locations  on  each  work  level  so  that  when  they  are  needed,  contaminated 
personnel  will  be  uniformly  oriented  wherever  they  are  and  need  not  be 
confused  or  delayed  by  differences  in  locations. 
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Chapter  25 


Human  Factors  Review  and  Evaluation 
of  the 
Utilities 


S 


DOWN  TIME 


SAFETY  HOOKS 


Adequate  access  for  maintenance 
is  essential  to  minimize  down 
time  and  to  !  tep  the  Launcher 
System  in  a  ready  state  for  the 
fulfillment  of  its  mission. 


$ 

X 


Safety  hooks  (for  safety  belt 
attachment)  have  been  recom¬ 
mended  in  those  areas  where 
ladders  and  catwalks  have  been 
considered  superfluous  due  to 
an  expected  low  frequency  of 
maintenance  access  require¬ 
ments  . 


ACCESS 


X 


All  utility  junction  boxes,  con¬ 
nection  boxes,  valves  and  mani¬ 
folds  must  be  accessible  to  Air 
Force  maintenance  crews. 


PLATFORMS 


HANDLING 


Extensive  platform  arrange¬ 
ments  were  studied  and  recom¬ 
mended  to  improve  access 
throughout  the  Launcher  Silo. 


Eye  hooks  have  been  recom¬ 
mended  for  all  manifolds  and 
junction  boxes  over  35  lbs.  so 
that  hoisting  devices  can  be 
easily  attached. 


FIGURE  25-1 

HUMAN  FACTORS  INPUTS 
UTILITIES 
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1.0  .DESCRIPTION 


1.1  The  utilities  consist  of  the  hydraulic  and  water  piping  with  their 
associated  valves  (manual  and  automatic)  manifolds,  cylinders,  snubbers, 
and  all  electrical  conduit  connected  to  junction  boxes,  key  switches, 
limit  switches,  push  button  stations,  utility  outlets,  etc.  This 
supporting  control  equipment  is  located  at  various  elevations  through¬ 
out  the  crib  and  launcher  structure  and  in  a  few  instances  on  the  silo 
wall. 

1.2  Men  of  the  Air  Force  population  who  represent  body  sizes  between  the  5th 
and  95th  percentile  must  be  able  to  remove,  replace  or  service  efficiently 
all  utility  components  that  may  require  attention.  The  operations  or 
methods  used  should  not  cause  injury  to  personnel  or  damage  to  equip¬ 
ment.  Factors  contributing  to  the  successful  servicing  of  the 
utilities  have  been  itemized  on  the  summary  checklist  (Fig.  25-2)  and 

the  progress  of  this  design  effort  has  been  tabulated  in  the  following 
synopsis. 
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FACTORS  I  CO^UANCC  I  CRITERIA  FOR  SUCCESS 


U.1.M 


3.0  DISCUSSION 


3.1  The  utilities  have  not  been  placed  in  the  most  accessible  areas  due 
to  over-riding  considerations  of  design  and  delivery.  Approximately 
U6%  are  directly  accessible,  17?  require  use  of  the  mobile  work 
platform,  accessory  work  stand,  or  a  ladder,  and  the  balance  can  be  made 
accessible  using  rigging  techniques.  Human  Factors  recommends  placing 
safety  hooks  in  areas  considered  marginal  or  below  with  respect  to 
access.  There  are  areas  throughout  the  silo  and  crib  that  contain  only 
a  few  components.  Installation  of  an  elaborate  access  approach  is 

not  warranted  if  relatively  safe  access  can  be  provided  by  installing 
field  located  safety  hooks  to  be  used  by  personnel  wearing  safety  belts. 
These  areas  should  be  determined  by  a  qualified  Human  Factors  engineer 
familiar  with  Titan.  Many  areas  need  additional  light  for  safe  working 
conditions  because  the  buildup  of  equipment  has  blocked  or  reduced 
existing  light  sources. 

3.2  During  the  original  concept  stages  Human  Factors  had  proposed  many 
platforms  and  other  methods  of  access  most  of  which  were  not  accepted 
because  of  austere  design  and  schedule  requirements.  After  removal  of 
all  installation  scaffolding,  the  need  for  Additional  access  became 
evident. 
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Between  #1  &  #2  Work  Platform. 
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27.  AMF  Drawing  No.  HF-T-1119  TF-1  Leak  Check  Envelope  -  El.  307 '-5V* 
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Chapter  26 


Human  Factors  Review  and  Evaluation 
of  the 

Work  Platforms 


FIGURE  26-2 

FAIL  SATE  WORK  PLATFORM 
DESIGN 


FEELING  OF  SECURITY 


Handrail  section**  should  be 
simplified  for  ease  of 
emplacement. 


FIGURE  26-3 

WORK  PLATFORM 
GUARD  RAILS 
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SAFETY 


© 

X 

* 


Because  a  down  folding  leaf  of 
the  #1  Work  Platform  passes 
through  the  personnel  envelope 
of  the  #2  Work  Platform,  an 
interlock  preventing  extension 
or  retraction  of  the  #1  Work 
Platform  when  the  #2  Work 
Platform  is  extended  has  been 


provided. 


FIGURE  26-1* 

RETRACTABLE 


WORK  PLATFORM 


LEVELS 


SntURY  CHECKLIST  OF 
HOMAN  FACTORS  PROORAM 
IN  RELATION  TOi 

WORK  PLATFORMS 
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1.0  DESCRIPTION 


1.1  The  basic  concept  for  the  design  and  location  of  Work  Platform  levels 
was  established  to  provide  missile  access  and  maintenance  to  the 
umbilicals.  An  additional  consideration  was  access  to  AMF  and 
associate  contractor's  crib  mounted  utilities. 

There  are  five  work  platforms  located  one  each  at  the  following 
elevations:  379'-6",  3?0'-6%  355'-9",  3h2'-3",  and  323'-7". 

Each  platform  level  is  divided  into  segments  which  fold  hydraulically 
against  the  inner  faces  of  the  crib.  Levels  1,  2,  3>  and  1:  are  com¬ 
prised  of  four  segments  while  level  5  is  restricted  to  three  segments 
by  the  umbilical  loop  envelope.  Manually  folded  and  unfolded  leaves 
bridge  the  gaps  between  each  segment  so  that  personnel  and  equipment 
can  move  around  the  circumference  of  the  missile.  Electrical  inter¬ 
locks  provide  assurance  that  every  leaf  is  folded  and  locked  to  the 
main  segment  before  retraction  can  be  started,  since  an  unfolded 
leaf  would  interfere  mechanically  with  cable,  guide  rollers,  etc., 
when  the  segmei  t  is  fully  retracted.  Key  switch  stations  provide 
protection  to  personnel  working  on  a  specific  level.  The  removal  of 
a  key  from  either  of  two  stations  prevents  actuation  of  the  retraction 
mechanism  controls  for  that  level.  Kickplates  and  removable  guard 
rails  1*2"  in  height  are  provided  to  improve  safety  factors.  There  is 
a  flexible  trough  (platform-to-missile  seal)  on  all  work  platforms 
adjacent  to  the  missile.  This  trough  prevents  tools  from  dropping 
off  the  platform. 

1.2  Men  of  the  Air  Force  population  who  represent  body  sizes  between  the 
5th  and  95th  percentile  must  be  able  to  control  and  use  the  work 
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platforms  easily  and  safely.  The  extended  platforms  must  provide 
adequate  area  to  maneuver  maintenance  vehicles,  and  their  related 
components  should  be  designed  for  ease  of  maintenance. 

Factors  contributing  to  the  successful  use  of  the  work  platforms 
have  been  itemized  on  the  summary  checklist  (Fig.  26-5)  and  the 
progress  of  the  design  program  relating  to  the  work  platforms  has 
been  tabulated  in  detail  in  the  following  synopsis. 
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ITEM: 


APPLICATION  of  CRITERIA  I  VERIFICATION 


9 


9 


3.0  DISCUSSION 


The  work  platforms  were  originally  developed  to  satisfy  missile  access 
requirements.  They  are  also  used  during  maintenance  operations  for 
access  to  various  components  mounted  on  the  crib  structure  such  as 
umbilical  mechanisms  and  utility  lines.  The  basic  design  has  remained 
relatively  unchanged  since  its  early  concept,  although  several  changes 
have  been  recommended  which  would  improve  the  equipment  with  respect 
to  safety  and  efficiency.  Examples  of  these  recommendations  are  as 
follows: 

a.  Clearing  access  to  the  personnel  elevator  for  easier  passage 
to  and  from  the  work  platforms, 

b.  Storage  of  the  guard  rails  in  the  same  quadrant  where  they 
are  used  for  faster,  safer,  and  more  efficient  assembly  and 
disassembly, 

c.  Redesign  of  guard  rails  to  straighten  all  curved  sections 
for  easier  storage  and  to  simplify  manufacturing;  extension 
handles  for  some  of  the  platform  folding  tabs  to  reduce  the 
hazard  of  falling;  and  redesign  of  some  work  platforms  to 
improve  accessibility,  with  the  added  possibility  that  some 
of  the  folding  tabs  would  be  eliminated  to  reduce  the 
number  of  safety  hazards. 

During  the  design  concept  stage.  Human  Factors  recommended  automatic 
folding  platform  extension  leaves  and  automatic  guard  rails  which  would 
insure  optimum  personnel  protection  and  also  decrease  overall  system 
maintenance  time  requirements.  These  recommendations  were  not  incorporated 
into  the  Titan  platform  iesigns  because  austerity  was  considered  to  be 
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of  prime  importance.  Experience  in  actual  use  with  the  existing  work 
platforms  will  determine  whether  time  and  safety  factors  outweigh  the 
initial  cost  of  an  automated  system  that  may  warrant  retrofit  at  a  later 
date. 
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